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ABSTRACT 

Technologies play a prominent role in current reforms 
of school and collegiate mathematics. This study examined ways in 
which f irst“semes t er calculus students still showed the influence of 
a graphing-intensive college algebra course they had studied one or 
two semesters earlier. Students (n=^18) at a large research university 
were asked to solve a series of problems in individual, audiotaped 
interviews during the last month of a traditionally taught calculus 
course. Two matched groups of students participated: experimental 
students who had studied college algebra in sections that integrated 
the use of graphing technologies and comparison students from 
traditionally taught sections of college algebra. The data showed 
that graphing students did continue to use technologies but mainly in 
routine rather than advanced ways. Main conclusions of the study 
were: (1) graphing technologies do have a lasting impact on students, 

even when the use of these tools is discouraged or prohibited, and 
(2) many .'udents do not become sophisticated users nor do they 
appear to gain the expected lasting enhancements of conceptual 
knowledge during a one semester course. The implication of these 
findings is that careful attention to pedagogical issues must 
accompany curricular integration of technologies if changes are to 
significantly improve students’ conceptual learning in mathematics. 
(Author/MKR) 
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iMsting Effects of the Integrated Use of Graphing Technologies in 
Precalculus Mathematics' 

William O. Martin 

Abstract 

Technologies ploy a prominent role in current reforms of school and collegiate matheamtics. Studies 
over the past decade have shown that tei'hnologies can he used in ways that promote enhanced 
learning of haxic mathematical concepts such as function. However, there is little evidence about the 
robustness or durability of gains beyond an individual course. This study e.xamined ways in which 
first-semester calculus students still showed the influence of a graphing-intensive college algebra 
course they had studied one or two semesters earlier. Eighteen students at a large research university 
were asked to solve a series of problems in individual, audiotaped interviews during the last month of 
a traditionally taught calculus course. Two matched groups of students participated: (a) experimental 
students who had studied college algebra in sections that integrated the use of graphing technologies 
and (!>} comparison students from traditionally taught sections of college algebra. The data showcul 
that graphing students did continue to use technologies but mainly in routine rather than advanced 
wavs. Neither group of students showed strong preparation for calculus from the preccdculus course, 
the main conclusions of this study were that (a) graphing technologies do have a lasting impac t on 
students, even when the use of these tools is discouraged or prohibited, and (hj many students do not 
become sophisticated users nor do they appear to gain the expected lasting enhancements of 
conc eptual knowledge during a one semester course. 'The implication of these findings is that careful 
attention to pedagogical issues must accompany curricular integration of technologies if changes are 
to significantly improve students' conceptual learning in mathematics. 

What Impact Might Technologies Have on Learning and Retention? 

(impliin^ calculalors arc increasingly being used in school and et)llege nialheniatics classes. New 
ideas tor uses of graphing lechnologies in nialheniatics classes are regularly featured at conferences 
and in the niatheniaiics education literature; especially, in jouinals directed at school and college 
niatheniatics iiistructiMs (several recent examples include Curjel. 1^)93; Naraiiie, 1993; Hemana N. 
Waits. 1993). C'unicular materials that draw on graphing technologies are also appearing; many 
textbooks ackiuwvlcdge the existence of graphing technologies and several new textbooks for 
precalculus (e.g., Demana, Waits, nemens, 1992) and calculus (e.g.. Pick Patton, 1992) rcc/iarc 
stiulent access to graphing tools, Is the mo\emeni lowaal increased use and integration of graphing 
tcclinologies in matliemalics, arul particularly in precalculus, approprialt' ,^ Some research suggests that 
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the answer is “yes" but the question needs niueh more study (Dunham, CITATION REQUIRED). 
Among the questions that could be raised about the integrated use of graphing technologies in 
precalculus are the following: 

• How do students who have used graphing technologies while studying mathematics draw on this 

knowledge in subsequent mathematics courses? 

• Do differences between groups with graphing and traditional backgrounds, as have been 

hypothesized and found by researchers, persist after the precalculus course? 

• Do graphing approach students, because of decreased emphasis on traditional manipulative skills in 

algebra, appear disadvantaged during a subsequent traditionally taught mathematics course'.^ 

The use of technologies in school and college mathematics instruction has received considerable 
attention during the past decade. Technologies have been used in ways that promoted enhanced 
conceptual learning (Palmiter. 1991; Tufte, 1990) with little or ito detrimental effect on students' 
abilities to carry out necessary procedures (Heid. 1988; Schrock, 1989). In precalculus courses, 
graphing technologies fostered student learning of important graphical concepts (Browning, 1988; 
C'alculator and Computer Precalculus project [C'PC] field test [1988-89], Harvey and others, 
unpublished) while promoting positive changes in attitudes and classroom interactions (Dunham, 1991; 
Farrell, 1990). Current views of learning and knowledge (see, for example, Hiebert & Carpenter, 

1992) suggest that such changes should be long-lasting, but there is little research evidence to support 
the belief that these benefits are n^bust and enduring. 1'his research study explored the lasting impact 
of the integrated uses of graphing technologies in college algebra, College students, who had 
previously used the Demana and Waits ( 1990) precalculus textbook in their college algebra course, 
were interviewed during the last mmith of their traditionally taught first semester calculus course. The 
problem-solving inter\ iews were designed to generate data related to the above questions. 

The decision to work with students who had studied prccalculus with the C'PC materials was made 
for several reaems. A variety of studies, including a large-scale field test in 1988-89, had slu)wn 
cognitive and affective benefits for high school and college students who had used versions of the 
materials with computer graphing software and handheld graphing calculators, so it was reasonable to 
expect that the use of this approach woultl have similar benefits for the participants in this study. 
Students who participated in the study had taken college algebra in many different sections and with a 
variety of instructors, none of whom were especially comiritted reform efforts or the use of 
technologies. The department of mathematics at this institution is very concerned about the role of 
precalculus couses as preparation for calculus, d'here is a faculty coordinator assisted by a graduate 
student, comiiKni tests and grading curses were useti in traditionally taught scctimis, and a syllabus is 
prepared each semester to help ensure uniform ctiverage. The deparment makes strict use of 
placement test scores fm* initial placement in mathematies courses, The experimental sections did iu)t 
share tlie comnuMi syllabus and tests, but they were also designed to feed students into the regular 
calculus sequence and so shared main of the gtnils of the regular sections of ct>!!ege algebra, 

liecause se\ei;il earlier studies hail shown gams m conceptual knowledge or liigher leveb id’ 
giaphical reasoning for students who regularly useti technoh)gies I expectetl to find se\era! posit i\e, 
lasting benefits of tiie graphical appioach to precalculus, C'onceptual knowledge is seen a ricliK linkctl 
(Hiebert C'aipenter. 1992). sucii connections slu>uld help students use ideas in new ways aiul hel|> 
them retain the knowletlge longer. Speciflcall> . tins stutl> was tlesigned to lest live hs potlieses: 
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1. The problem solvinsi and nuuhematies skill.s that students ^uin in a i^rciphin^ appnxuii 
prei ideuliis < ourse persist into adculus. 

2, Because i^raphini* students draw on j^rapliical perspectives in new' situations, they better develop 
imp{*rtant coni epts in ( dlculus, such as limits and derivatives, than do students w ith a traditional 
precalcuhts hack^rout\d. 

3, Stttdents with a i^raphini^ background \uccesslull\' develop, use, and inteyrute itijonnation Irani 
multiple represetitational forms. These students show' a richer, more fully ifitey^ratcd functional 
concept than do students with a traditional precalculus backs^roiuuL 

4. (iraphin^ appnxu h students show greater flexibility than do traditional backi^rixmd students 
w hen faced w ith problems they Kinnot immediately solve, 

3. (haphm^ appnxu h students arc well prepared ftr and successjul in calculus. Their readiness 
and preparation compan s favorably w ith that of traditional backi^round students. 

Technologies provide lools that can increase llie cognitive power of students by (a) reducing or 
eliminating llie need tor extensive de\elopment of routine manipulative skills before concepts can be 
studied, (b) providing multiple perspecti\es on important concepts that will help students to construct 
their mathematical knowledge, and (c) promoting a broader, more unified view of basic mathematical 
noticnis. particularU /n/nv/o/z. that can ser\e as a common thread running through courses (Philipp, 
Martin, Kichgels. 19^)3). !t was not expected that there would be serious detrimental elTects for 
graphing backgrouiui students c\en in a iradilicmally taught calculus setting; it seemed that the 
graphing students' enhanced conceptual knowlcLlge ct>uld help them to develop necessary skills as 
needed. 

Related Research 

I 'our areas td' existing mathematics education research provided a context for the stud) : (a) research 
on students learning to uikieistand graphical representations of functions; (b) the innuence of 
technologies on the balance between concepts ami prtKedures in mathematics courses; tc} studies that 
investigated learning in cmirses using graphing utilities; and (d) the apparent impact of precalculus on 
subsequent mathematics course work. The fourth area, the focus of this siiuly, conlainetl alm.-st no 
published research. 

Research and theoretical discussion relating to students’ understanding of funcln>ns aiul graj^hs is 
widespread; one review inclutlmg set^es of stiulies was given by I. einhan.lt. /tislavsky. and Stein 
( Much ol this sluwvs that stm.lents have serious conceptual difficulties m the (.iomain (e.g.. 

(loldenberg. I'kSS): much less research sluwvs how [o remedy the situation (but see. iis an example. 
Mokros 'rinker. More posiiiselv, several researchers have fouiui that technologies can be 

used to enhance learning in precalculus anti calculus classes i l^eckmann. IhSd; Ougdale. Ihud. 

P>SS: Sehrock, luftc, Studies siiggesteti tluit stiulents m the experimental courses 

pt rtormed just .is well as tratiitumal groups on n>uluie compiitatimial tasks (( ’ PC field test tlat.i, 
Harvev, et al., unjniblished; lleid. IdSS, .ludstui, IdSS), ()nly one study looked lor translei td skills 
irom graphing precakuhis to a gr.ipiung unit in a siibsetjuent physics etuirse; m that study, Nichols 
{ P>d2> tlctectcd no traiisler t>l graphing skills Inmi the prim use id gr.iphiiu: techiudt'gies m 
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prccalculus mathematics to the use ol’ graphs in introductory physics. Dunham (REFERENCE) and 
Dunham and Dick (REF'ERFiNCE) compiled more recent summaries of research in this area. 

Design of the Study 



Participants 

Between 1987 and 1992 the Departirient Mathematics at the University of Wisconsin offered 
sexeral sections ot‘ graphing approach preca ulus (college algebra, trigonometry) along with many 
regular, traditionally taught precalculus .sections. About 130 :/.idents who studied college algebra in 
graphing approach .sections between 1990 and 1992 provided a pool of potential experimental subjects 
for the study. Nine of the.se students, who were still enrolled in a first-semester, traditionally taught 
calculus course after eight weeks of the Fall 1992 semester, were paired with nine comparison students 
from the same calculus discussion sections. The comparison students had traditional college algebra 
backgrounds at the University of Wi.sconsin-Madison. The students w^ere matched as closely as 
possible ba.sed on their grade for college algebra, cumulative grade point average, high .school 
mathematics units, and gender. Data for the study came from individual, audiotape recorded, “thinking 
aloud'' sessions; university records; and questionnaire respon.ses from the 18 students and their calculus 
instructors. 

Data 

The most important data were the students’ work on nine problems drawn from prccalculus and 
calculus, 'fhe fi‘ee-ies[)on.se problems ranged from routine prccalculus (solve a quadratic system of 
{\\o equations in \w'c unknowns) to conceptual calculus (sketch a graph for a function ba.sed on a sign 
chart for the function and its fir.st two derivatives). Graphing technologies could have contributed 
useful information for several problems although they did not provide an obvious advantage. Other 
pi’oblerns in\a>lved graphical concepts, but did not offer any opporHinity to use a graphing utility. 
Several o\‘ the problems are included as illustrations of the differing nature t>f tasks 
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Figure 1 Frohlcm 
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used in the study. Figure 1 eontains ProJ^lem 5, drawn Trom beginning differential calculus." It did 
not require the use of technologies but graphing tools could have been useful in the search for answers 
to each of its four parts. Figure 2 contains Problem 1; this warmup problem iiu’olved graphical 
concepts without any possibility of using a graphing utility to obtain a solution.' 




Hctc is (he e^rujih of H lcncti(fn y f{x). Iltul a value of c so that f[x) ■ c hits three real 
s(fltitions. 

Figure 2 Problem 1 



Putii Analysis 

Two characicrisncs of the participants* work \^ere of interest: (a) the outcome, or degree o\' 
sucees^ aehie\ed on j^roblems; and (h) the prot csscs by which students attempted to sohe the 
probleivis. I used se\eral coding schemes \o record this information: the codes were used to help 
identit; patterns in the written and spoken data. 1'he outcome cckIcs rated the degree of success 
achieved on the problem on a {)~5 scale while the process codes were used to generate fre(|ueneies of 
varicHis soluti(ui strategies and beha\iors. Ouring the coding process I also wrote extensive notes 
about the students' wmk. Se\eral statistical techniques, including factor and cluster analysis, were 
used t(^ explore the data. In cases where there were noticeable differences between the two groups I 
used the nonparametrie W'ileoxon matched-pairs signed-ranks test; I used a significance le\el of 
/) < 0.05 for statistical tests in the suuly. 



It turned out that Pioblem 5 proLlueed the greatest \ariabilitv (^t solution stnitegies and liwels of 
success and. thus, some nf the most useful data de\eloped Iw the stiuly 

Problem I was intended as a gentle warmup evetcise to help the students luMune aceustinned to 
"thinking aloud.” Sui|nisingK . more than hall ol students were unable to solve it eoiiectlv 
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Results and Conclusions 



Results 

The data showed th;it there were statistically significant differences {p < 0,05) between the groups 
in the ways that students approached problems and in their uses of graphing technologies. Graphing 
background students not only made more use of graphing technologies and strategies as they worked 
on the problems; they also reported greater use of technologies in their traditionally taught calculus 
course. Two traditional background students reported slight prior exposure to graphing technologies 
and used graphing technologies in calculus, but the graphing students reported using technologies in a 
much wider range of ways. The extent to which students used technologies was significant because 
students reported either indifference to, or even outright prohibition of, the use of technologies in their 
traditionally taught calculus courses. Several graphing students made remarks indicating that they 
believed they should a\ incl dependence on technologies if they were to be successful in regular 
mathematics courses. 

Tliere were no significant differences betvseen the groups in their readiness for calculus (their own 
ai'id their instructors' impressions), final calculus grades, or degree of success on most of the research 
problems. Signs of differences reported by earlier studies could be seen in the pattern of results, but 
all but one of the differences were not statistically significant.^ The one significant difference in 
success rates {p < 0.05) was on Problem 1 {six graphing b ickground and two tiaditional background 
students correctly sohed tlie problem): A similar aatteni. but with smaller differences between groups 
had been observed on a similar multiple-choice problem administered to all eollege algebra students at 
the University of Wisconsin-Madison during lOhl-0?:. 

The largest differences found bv the studs were in comparisons of success rates on different 
problems instead t)f comparisons betw een tlie two group> of students. It was striking that, aside from 
the mentioned differences, the groups ^^ere so similaily successful with routine, precalculus tasks and 
had little or no success w ith more conceptual tasks drawn from calculus. Table I provides some 
inlormation about the students' performance o!i the problems and reveals some of the patterns of 
success on different tasks 

None of the graphing approach precalculus students could be characteri/ed as advonced users of 
graphing technologies. Instead, tliey used the grapliing calculators in routine ways such as lo find tlie 
intersection of two functions, dliey had little success using technologies to gain insights to problems 
that they could not solve. P'or example, even though some students wanted to factor the numerator 
and denominator of the function in Problem 5, they did not tliink to use the graphing calculator to 
assist when thev were uncertain about the factoring identities. Neither did tliev use teclinologies ti^ 
lielp vvitli an (^ptimi/alion problem that was completelv solved by none ol* the IS students. 



‘ for example, the giaiihmg suidents vveie nuae successlul with all tasks tiiat reqiiiied graph 
interpretation. riie\ also had gieater success solving an ineqiiahiv, a pnd^lem that coiikl be solved 
giaphicalK oi algebi aicallv 
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Table I Test and Subtest Scores for Degree of Success Achieved on Problems 





Mean Score'' 


Wilcoxon 
n = 9 pairs 






Graph 


T rad 


G > T 


G < T 


P = 


Subtest 






(mean rank) 




All Problems 


3.18 


3.11 


5 (5.00) 


4 (5.00) 


0.7671 


F recalculus 


3.79 


3.59 


6 (5.00) 


3 (5.00) 


0.3743 


Calculus 


2.52 


'"./O 


4 (4 25) 


5 (5.60) 


0.5147 


Graph Interpretation Necessary 


3 43 


3 21 


6 (4 92) 


3 (5.17) 


0.4069 


Algebraic Manipulation Necessary 


2 83 


3 08 


4 (3.50) 


4 (5.50) 


0.5754 


Choice of Algebraic or 
Graphical Strategy 


3.07 


2.97 


4 (6.25) 


5 (4.00) 


0 7671 


Graphing Calculator Possible 


2.97 


2.80 


5 (4.80) 


3 (4.00) 


0.4008 



The scores reported in this table are mean score per problem for each tesi or subtest. This facilitates comparisons between tests 
and interpretation of absolute levels of scores The codes awarded for the students’ degree of success on problems had the following 
interpretations 

5 = correct 4 = basically correct 3 = good progress 2 = little progress 1 - nothing relevant 0 = blank 



St)inc more qualitative analyses of the data revealed interesting contrasts betvveeii the two groups ot 
students that warrant further investigation. In an effort to develop an understanding of the students* 
problem solving strategies and thinking about matheniatics I coded information about ways that they 
approached the pix)blenis. such as the kinds ot' strategies used, their reactions to impasses, and the 
types of representations they used. NaturalK. ! found considerable variability within each group. 

There also appeared several differences between the groups that, although not statistically significant 
(partly, at least, because of the small sample si/e), folitwved a pattern that eould rellect expected 
patterns o\' thinking due to differences between grapiting and traditional appifiaches. The most notable 
these differences was in students* inclination to use 'nuppropriatc standard strafciiics. A simple 
example of this is the use of I'Hopitars on problem 5(u); several sliideiiis did that after appropriately 
using tlie rule on 5(a) and 5(b). It seemed that student ^ used the rule because of the appearance of the 
jn'oblem and without checking that ii actually applied m this situation, A tiune revealing illustration is 
given b\ the vw^rk of mie traditional stiuleiit. identified as 'l‘S. on the jnecalculus Problem 3 shown m 
1‘igure .V A transenption of this stiideiils’ eomments while working on the j^rohlem is given in 
h'igure 4 
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I'Ik* sUiilciil rs scciikhI to si^lvc prohlcms hv choosiny a iviiicmhcrcd tCLliniquc that was based on 
tlic smface appearanee id the piobleiii. In sidvmg parts (a) and (b) TK was sueecsstul (alter eorreeting 
an initial error in the first part) because the cluwen teehniciue was appri'priate. The work on part (e), 
liowever, is unrelated to the content of the problem; instead, ii applies standard manipulative 
technic|ues, sometimes earried out incoirectly, used to solve linear and ijuadratie equations. I lie 
remarks made while working on the problem indieate that T8 also eonsidered, and rejeeled, using other 
techniques because the inequality symbol appeared in the problem. The use oi standard manipulative 
proeedures in an invalid eontext, such as illustrated by d'S's work on IToblem 3, provides important 
evulence of the student's beliefs about the nature of mathemalieal problem solving. If this only 
happens once we might attach no more significance to it than carelessness (especially in a case such as 
.■^(c)). liowever. m this sUidv several studenis, bolh from ihe graphing and the traditional groups. 
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repeatedly used inappropriate standard strategies, suggesting an undesirable view of mathematical 
problem solving. 

Probii'm I Side 1; 1^)2} 

L’m, ! just believe you fill \\\ negative one Tor g ol x, So it equals seven I think, 

IReads part (b)| {Side 1: 20(^) 

Just set the two funeltons etjual l(^ each other, And factor. .And ilien \ would etjual <me and tour. 

IReads part (c)| {Side I: 214 1 

Mm, I'ni. I’m not real sure about this one. 

i: Remember to try to tell me what nou re thinking as you work. 

Okay. Let's see. 1 mean, usually when you use less than or greater than, you know what, when you iiivide by negative 
and the sign changes, ILil I don't know, that's not going to do ans good in this problem. 1 don't think. Or you just 
solve for X. I'm lather that (U just solve each one individually. So x would be equal to two and this one ,., you 
can't factor, you'd have *o use ... negative, that, oh I can't think what it's called. Maybe. 1 can't. I don't know what the 
name ot the loriniila was. o', eative b plus c>r minus b squared minus t<Hir .i e o\er two a. 

/.' (.)kay. I know what nou iiiean. 

Okay. Square ... i silence, writing sounds] So .. I think that's jihis or minus, two plus or minus square rotU two. I 
think. So ... the values tor \ in which g ot \ is greater than, or less than f ol x would be two minus the st|uare root o\' 
two. 1 think. Would tx’ the onis one. Not that. 1 ilon't know, 

/: Oka\ Do \ou heliese >ou'\e eorreetls sol\ed each p.irt ot this prohlem',’ ,\gain. go thr<nigh each part. 

Lm. the iirsi mie I think so. Second one. tor sure, ,\nd lliird one possibly, jliiuehs] 

/.' Ynu’te not so sure ou the ihiul one, Okas 



Figure 4. I'ranscriplitMi ol' llic comments T(S made while working on Problem 3 

'rradilional background students, including TS, used inappropriate standard procedures hall again as 
often (3b limes) as did graphing background students (25 instances). P\nir ot the nine traditional 
sUuleiils each useci inapprc^prialc strategics at least four times, accounting for 2."^ of the 3b ca^es; onlv 
two gra| ng slutlenls used inapprt^priale strategies at least four times for a total of 9 instances. One 
might expect that weaker students wmild be most inclined to apply procedures inappropriately h\v this 
was not the case. vSexeral of the students wlio used many inapjiropriate strategies did have lowei 
giades for cidlege algebra and calculus (C"s), hut this group also incUided students who did tjuite well 
in both cuM'ses; One of tliese two graphiihe ''tudents earneil an AB in ealcuhis and had a lU' for 
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college algebra; two of the albremenlioned traditional students had ABN and B's for the two courses, 
(T8 had a BC for calculus and a B for college algebra), 

This pattern, although not convincing, fits with ideas about differences between traditional and 
graphing approaches in precalculus. Were similar differences found to hold in further studies, it could 
reflect that many students in traditional precalculus courses learn to recognize problem t\ pes and apply 
speciti* techniques while students from graphing approach courses focus more on understanding 
problem situations from a variety of perspectives. When students with these backgrounds face an 
unfamiliar problem, a traditional background student may be more likely to try to impose whai seems 
like an appropriate solution strategy from his or her repertoire. Graphing students, on the other hand, 
might be more inclined to explore the problem, perhaps using technologies and various representations. 
If true, this would indicate that the use of technologies can, in fact, contribute to the development 
more powerful and flexible problem solving capabilities as hypothesized. The results of this study hint 
that this could he the case, but are not strong enough to offer confirmation. 

Conclusions 



Graphing students in this study did not display the hypothesized enhanced conceptual knowledge of 
important calculus concepts. The graphing precaiculus course appeared to have had a lasting 
influence, but not to the extent nor in the conceptual domain that one might have hoped for. Graphing 
students did not appear di.^advantaged in the traditional calculus course and they continued to draw on 
a graphical perspective in their work even though this was not encouraged by their instructors. In a 
search for possible explanations of these findings 1 considered three groups of issues that could 
account for the weaker than expected results: (a) issues surrounding the design of the study, (b) issues 
relating to the mathematics courses that were studied, and (c) issues relating to the broader educational 
context of the study and courses. 

Several noticeable differences between tlie groups were in the hypothesized direction hut were not 
found to be statistically significant. One problem was that the group of students enrolled in calculus 
provided a sample that was considerably smaller than had been anticipated during the planning stage. 
This reduced the power of the statistical tests used to delect significant differences between the groups, 
bor example, graphing students were noticeably less inclined to unqiiestioningly apply inappropriate 
strategies. Similarly, graphing students had more success with graph interpretation tasks, although not 
significantly so. Perhaps true differences, in the direction one would predict, were not delected 
because of the lack of statistical power. 

I do not believe that the lack of statistical power accounts for the small number of significant 
ditierences detected Ivtween the two groups. Instead, the extensive information obtained about each 
studenl by this study suggests that i^oth groups were, in fact, iiigiily comparable, d'he impression 1 
gained from the data and my contact w ith tlie stiulents during the interview sessions was that neitlici 
group luul the sort of stiong, conceptual mathematical knowledge applicable in new or different 
situations that one would hope for at this le\el, 



' One interesting sidelight to the findings tr(mi this study was the lack of .in\ apparent relation hi|i 
between peilormaaice on these problems and grades m piecalculus or calculus. 
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(jmphin^ Technoloi^ics' Listing Effects II 



Why, thjn, had the graphical precalculus not developed the conceptual power that I had expected? 

I believe that (a) the nature of the precalculus and calculus courses and (b) their position in the 
broader educational context accounted for the pattern of results found b> the study, Dugdale's work 
(1990) emphasized that the way in which technologies are used is at least as important as whether or 
not they are used. Although the Demana and Waits textbook (1990) emphasizes the use of 
technologies to develop conceptual knowledge of functions, their textbook was used in a very 
traditional way by the students involved in this study. That is, instructors would explain new material 
and the students would work i>n similar problems. This approach would not give students the 
important experiences with independent work in unfamiliar problem situations. In contrast, students 
who study mathematics in more radically restructured courses, such as the calculus courses studied by 
Crocker (1991). may shew greater lasting differences in their approach to mathematics because 
technology is used to resticeture the course, not just the content. 

I also c|uestion hmv much a single course can he expected to change students with at least 12 
years’ of experience in predominantly, if not entirely, traditional courses. Along the same lines, to 
what extent do the motivations that students bring to mathematics courses at this level moderate the 
impact of new^ approaches.^ Many students wiio take precalculus mathematics in college seem more 
LH)ncerned with grades and credits than with developing mathematical knowledge. This, too, wx)uld act 
limit the lasting impact of any course. 

The main ct)iiclusions of this study were that (a) graphing technologies do ha.\e a lasting impact on 
Students, even when the use of these tools is discouraged or prohibited, and (b) many students do not 
become st histicated users nor do they gain lasting enhancements of conceptual know ledge during a 
one semes, r ct)urse delivered in a fairly traditional manner. I view the students' inclination to 
continue using techiK)ltigies, even w ithout encouragement, as a positive sign that technologies can be 
used to favorably influence their learning and attitudes toward mathematics. Students need to develop 
much better mathematical knowleilge than demonstrated by the participants in this study. I believe 
that technologies do t)ffei many pt)tcntial benefits that could help to improve conceptual learning and 
mathematical ptnver that lasts into subsct|ucnt courses. K)r this to happen, technologies must be used 
in more varied ways so that the benefits, such as found by earlier studies, persist. 
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